Latent DNA replication of Kaposi's sarcoma-associated herpesvirus (KSHV) initiates at the terminal repeat (TR) element and requires trans-acting elements, both viral and cellular, such as ORCs, MCMs, and latency-associated nuclear antigen (LANA). However, how cellular proteins are recruited to the viral genome is not very clear. Here, we demonstrated that the host cellular protein, Bub1, is involved in KSHV latent DNA replication. We show that Bub1 constitutively interacts with proliferating cell nuclear antigen (PCNA) via a highly conserved PIP box motif within the kinase domain. Furthermore, we demonstrated that Bub1 can form a complex with LANA and PCNA in KSHV-positive cells. This strongly indicated that Bub1 serves as a scaffold or molecular bridge between LANA and PCNA. LANA recruited PCNA to the KSHV genome via Bub1 to initiate viral replication in S phase and interacted with PCNA to promote its monoubiquitination in response to UV-induced damage for translesion DNA synthesis. This resulted in increased survival of KSHV-infected cells.
K
aposi's sarcoma-associated herpesvirus (KSHV) or human herpesvirus 8, an oncogenic member of the gammaherpesvirus subfamily, was first identified in 1994 from body cavity-based lymphoma (BCBL) and HIV-infected patients with Kaposi's sarcoma (KS) (1) . KSHV is believed to be the etiological agent of several human cancers, including KS (1, 2), primary effusion lymphoma (PEL) or body cavity based lymphoma (3) , and multicentric Castleman's disease (MCD) (4, 5) . Additionally, there have been reports of KSHV-associated solid lymphomas in HIV-positive and -negative patients as well as KSHV-associated lymphomas in patients with primary immune deficiencies, such as common variable immune deficiency (6, 7) . Similar to other members of the gammaherpesvirus family, KSHV establishes a predominantly latent infection in host cells after primary infection (8) . During latent infections, the KSHV genome persists as a circular doublestranded DNA (episome) with most viral genes being silenced, except for a small number of latent genes, which include the viral cyclin (v-cyclin), the latency-associated nuclear antigen (LANA), and the viral FLICE inhibitory protein (vFLIP). These latent proteins are well known to be involved in the regulation of cell survival, cell cycle, and tumor suppressor pathways, such as P53, pRb, and VHL (9) .
LANA, an important latent protein encoded by KSHV ORF73, is essential for cancer development, maintenance of viral latency, and segregation of the double-stranded DNA viral episomes (10, 11) . LANA can perturb several cellular pathways to contribute to tumorigenesis and physically binds to and promotes suppression of the tumor suppressors p53 and VHL (12, 13) . LANA also can suppress the tumor suppressor retinoblastoma (Rb) protein and releases E2F during transition of cells through the G 1 /S cell cycle checkpoint (14) . To promote G 1 /S transition, LANA interacts with the bromodomain-containing protein RING3/Brd2 and sequesters glycogen synthase kinase 3␤ (GSK-3␤) (15) (16) (17) (18) (19) . LANA also cooperates with the oncoprotein H-Ras to transform primary rat embryo fibroblasts and render them tumorigenic (20) . Transgenic mice expressing LANA under the endogenous LANA promoter developed splenic follicular hyperplasia with increased germinal centers as well as lymphomas (21) . In addition to its role in oncogenesis, LANA can recruit a number of host proteins, such as origin recognition complex (ORC) proteins and minichromosome maintenance complex (MCM) proteins, to regulate replication of the viral episome and segregation of the freshly replicated episome copies to daughter nuclei by tethering to the host chromosomes (22) (23) (24) (25) (26) .
The control of DNA replication is critical for the proper functioning of a cell and also may influence genome stability. Proliferating cell nuclear antigen (PCNA) is a highly conserved protein found in all eukaryotic species (27) and is characterized as a DNA sliding clamp for replicative DNA polymerases and as an essential component of the DNA replication machinery (28) . Besides its role in DNA replication, it is well known that PCNA functions are associated with DNA repair and cell cycle control (29) . PCNA, a processivity factor for replicative DNA polymerases, has a central role in the replisome. It functions as a platform for DNA polymerase ␦/ε and other replication proteins. Only the presence of PCNA at the replication fork enables the exchange of DNA polymerase ␣ for the other polymerases continuing DNA synthesis (29) . During replication of DNA, synthesis across damaged templates is achieved by recruiting specific DNA polymerases in a process called DNA translesion synthesis (TLS). These TLS polymerases possess a spacious active site and are capable of accommodating a variety of DNA lesions that would block the high-fidelity replicative DNA polymerases (30, 31) . Notably, the initial recruitment of TLS polymerases to the stalled replication fork occurs via their interaction with PCNA (32, 33) . A key event in the regulation of TLS is the monoubiquitination of PCNA (34) . In response to replication stress as well as DNA damage, PCNA is monoubiquitinated (35) , and monoubiquitinated PCNA has been reported to have a much higher affinity than unmodified PCNA for TLS polymerases (36, 37) .
In this report we now demonstrate that LANA can form a complex with PCNA, and this interaction is mediated by the cellular mitotic kinase Bub1. Furthermore, Bub1 enhances the monoubiquitination of PCNA in the presence of LANA, which is important for translesion synthesis.
Chromatin fractionation. After treatment with 50 J/m 2 UV, cells were collected and washed with PBS. Cell pellets subsequently were resuspended in NETN buffer (20 mM Tris, pH 8.0, 100 mM NaCl, 1 mM EDTA, and 0.5% NP-40) and incubated on ice for 15 min. Nuclei then were recovered and resuspended in 0.2 M HCl. The soluble fraction was neutralized with 1 M Tris, pH 8.0, for further analysis.
Statistical analysis. Each experiment was repeated at least 3 times. Statistical analysis was performed using Student's t test. Differences were classed as significant (*, P Ͻ 0.05) or highly significant (**, P Ͻ 0.01).
RESULTS
Bub1 mediates the interaction between LANA and replication processivity factor PCNA. To persist in replicating cells, the KSHV viral episome must replicate once each cell cycle and precisely segregate to daughter cells. To gain insights into the molecular mechanism underlying these effects, we sought to identify host cell protein(s) interacting with LANA. To corroborate the LANA-protein interaction, we immunoprecipitated LANA from KSHV-positive cell lines BC-3 and BCBL-1 (Fig. 1A) . The results showed that in addition to Bub1, ORC2 and MCM3 coimmunoprecipitated (co-IP) with LANA as expected (26, 38) , and PCNA also coimmunoprecipitated with LANA.
We previously found that Bub1 knockdown KSHV-positive cells showed significantly reduced KSHV episome copy numbers compared to those of CENP-F knockdown KSHV-positive cells (38) . This suggested that Bub1 contributes to KSHV viral latent replication. The co-IP result showed that Bub1 coimmunoprecipitated with LANA antibodies as well as proteins known to be associated with DNA replication (Fig. 1A) . Therefore, we wanted to investigate which proteins formed a complex with Bub1 and LANA during viral DNA replication and are dependent on the presence of Bub1. To confirm this, we performed similar coimmunoprecipitation assays in a KSHV-positive cell line knocked down for Bub1 expression (Fig. 1B) . The results showed that there is a much weaker interaction between LANA and PCNA in Bub1 knockdown cells than between the controls. Importantly, there were no significant changes in the interactions between LANA and ORC2 or MCM3 (Fig. 1B) . This result strongly suggests that Bub1 has an important role in contributing to the interaction between LANA and PCNA and can form a complex with PCNA and LANA.
To confirm that LANA associates with PCNA and Bub1 in KSHVpositive cells, coimmunoprecipitation assays were performed to determine if LANA associated with Bub1 and PCNA in KSHVpositive cell lines (BCBL-1, JSC-1, and BC-3). The BJAB cell line was used as a negative control (Fig. 1C) . The IP with anti-Bub1 antibody showed that endogenous LANA and PCNA were coimmunoprecipitated by anti-Bub1 antibody. The reverse IP with anti-PCNA antibody further validated that PCNA does associate with LANA and Bub1 in KSHV-positive cells (Fig. 1D ). The immunoprecipitation results showed that Bub1 can associate with PCNA even in the absence of LANA ( Fig. 1C and D, right).
To determine the colocalization of LANA with PCNA and Bub1 and to further determine the interaction of these three proteins under physiological conditions, a Z-stack analysis using immunofluorescence assays (IFA) in KSHV-positive cell lines (BC-3 and BCBL-1) and a KSHV-negative cell line (BJAB) were performed ( Fig. 2A and B) . The overlay pictures of all three dimensions (x, y, and z axes; termed an xyz stack) showed overlapped signals of LANA (green), Bub1 (red), and PCNA (blue). The white Endogenous LANA and PCNA were detected by using LANA and PCNA antibodies, followed by anti-mouse antibody and anti-goat antibody. Nuclei were counterstained by using DAPI. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
dots indicated the merge of Bub1, PCNA, and LANA overlapped signals, and the purple dots indicate the Bub1 and PCNA overlapped signals. Therefore, we observed strong colocalization of Bub1 and PCNA in all three dimensions in KSHV-negative cells ( Fig. 2A ) and strong colocalization of LANA, Bub1, and PCNA in KSHV-positive cells (Fig. 2B ). To further support our evidence that Bub1 is important for interaction between PCNA and LANA, the colocalization of LANA and PCNA was further corroborated in BC-3 Shct and BC-3 ShBub1 cell lines by IFA. Quantitation of the overlapping signals clearly shows a significant decrease of greater than 50% colocalization of LANA and PCNA in BC-3 ShBub1 cells compared to the level for BC-3 Shct cells (Fig. 2C) . Collectively, these results support our hypothesis that LANA, Bub1, and PCNA can form a complex in KSHV-positive cell lines. Furthermore, we found that Bub1 is important for interaction between LANA and PCNA, which suggested an involvement of LANA and Bub1 in PCNA-mediated cellular processes.
The PIP box of Bub1 is important for the association of PCNA and LANA. The results described above showed that LANA, Bub1, and PCNA formed a complex in KSHV-positive cells, and that the association between LANA and PCNA was dramatically decreased in Bub1 knockdown KSHV-positive cells. Therefore, we speculated that Bub1 is important for the association of PCNA and LANA in KSHV-positive cell lines. To define the domains of Bub1 required for association with LANA and PCNA, 293 cells were electroporated with pA3F-LANA and wildtype (WT) Bub1 or a series of Bub1 deletion mutants described before (38) . Forty-eight hours posttransfection, coimmunoprecipitation assays were performed using anti-LANA antibodies. The coprecipitated proteins were detected by Bub1 and PCNA antibodies. In the precipitated complex, both exogenous Bub1 (exoBub1) and endogenous Bub1 (endoBub1) were detected. As expected, the Knl-and kinase domain-deleted Bub1 showed negligible interaction with LANA (Fig. 3A, lanes 3 and 7) (38) . Interestingly, we found that interaction between LANA and PCNA was dramatically decreased in the presence of these two Bub1 mutants compared to that of the WT and other deletion mutants (Fig. 3A,  lanes 3 and 7) . Therefore, the Knl and kinase domains of Bub1 are required for interaction between LANA and PCNA. The Knl and kinase domains of Bub1 are required for the interaction between LANA and Bub1 (38) . Therefore, we wanted to determine whether these two domains are required for the Bub1 and PCNA interaction. IFAs were performed in 293 cells transfected with Myctagged Bub1 WT or its deleted mutants (Fig. 3B) . We found that the WT and a number of Bub1 deletion mutants, including the Knl deletion mutant, colocalized with PCNA, while Bub1 ⌬Kinase showed no colocalization with PCNA (Fig. 3B) . These results were further validated by GST pulldown assays (Fig. 3C) . Similarly, the pulldown assay clearly showed that interaction between PCNA and Bub1 was lost in the absence of the kinase domain (Fig. 3C,  lane 7) . To further confirm the requirement of the kinase domain of Bub1 for LANA-PCNA interaction, a pulldown assay was performed in purified Escherichia coli-expressed PCNA and mammalian cell-expressed LANA (Fig. 3D) . The pulldown result showed LANA can be pulled down by PCNA only in the presence of WT Bub1 (Fig. 3D, compare lanes 5, 6, 7, and 8) . These results strongly suggested that the kinase domain of Bub1 is required for interaction of LANA with PCNA.
Previous studies showed that proteins interact with PCNA via a motif known as a PCNA-interacting protein motif (PIP box). In silico analysis showed there are two possible PIP boxes in the kinase domain of Bub1 (Fig. 3E) . To confirm whether these two putative PIP boxes are required for the interaction between PCNA and Bub1, 293 cells were transfected with PCNA and Bub1 or the PIP box-deleted mutants (Fig. 3F) . The results showed that the PIP box 2-deleted Bub1 had no detectable interaction with PCNA (Fig. 3F, lane 4) . The PIP box 1-deleted Bub1 retained some of the capability of binding to PCNA (Fig. 3F, lane 3) . However, the interaction signal was less than 50% compared to that of WT Bub1 (Fig. 3F, lane 2) . The decrease in interaction signal most likely is due to the deletion of PIP box 1, which may affect the conformation of PIP box 2 required for interaction between Bub1 and LANA, as these two motifs are in close proximity to each other in Bub1.
Collectively, we showed that Bub1 not only interacted with LANA through its Knl and kinase domains (40) but also interacts with PCNA through its kinase domain via the PIP box. Bub1 may function as a scaffold or bridge which enhances the proximity of LANA and PCNA. Bub1⌬Knl lost the ability to interact with LANA, resulting in the loss of PCNA's ability to interact with LANA (Fig. 3A, lane 3) . However, Bub1⌬Knl still was able to interact with PCNA (Fig. 3B, C, lane 3, and D, lane 7) . The weak PCNA signal shown with LANA IP likely was due to the presence of endogenous Bub1 (Fig. 3A, lane 3) . The presence of endogenous Bub1 in 293 cells also can explain why there was still some PCNA interaction with LANA, although Bub1⌬Kinase was unable to interact with both LANA and PCNA (Fig. 3A, lane 7) .
Bub1 is important for LANA to recruit PCNA for loading onto the KSHV genome. One major role of PCNA is to participate in DNA replication. To achieve this goal, PCNA is loaded onto DNA during S phase. To investigate if Bub1 has a role in the recruitment of PCNA to the KSHV genome mediated by LANA, we first investigated the loading of PCNA to the KSHV genome in different cell cycle phases. BC3 cells were synchronized in G 1 and G 1 /S phases, and they were subjected to FISH analysis (Fig. 4A ). In the G 1 phase, only 15% of the TRs were colocalized with PCNA, compared to about 82% colocalized with PCNA in G 1 /S (Fig. 4A) . The result of the FISH analysis clearly demonstrated that PCNA is recruited to the KSHV genome during KSHV latent replication. The recruitment of PCNA to the KSHV genome was further corroborated by CHIP assays using anti-PCNA antibody in BC-3 and BCBL-1 cell lines after cells were synchronized in G 1 and G 1 /S phases (Fig. 4B) . Consistent with our results from the FISH analysis, we found that PCNA was greatly enriched (about 10-fold) in association with the TRs of the KSHV genome in G 1 /S phase in both BC3 and BCBL1 cell lines (Fig. 4B) . To determine the role of Bub1 in recruitment of PCNA to the KSHV genome, BC-3 Shct and BC-3 ShBub1 cells were synchronized in G 1 /S using the double thymidine (TdR) block. The synchronized cells then were subjected to additional FISH and ChIP analyses (Fig. 4C and D) . The FISH results showed that the percentage of colocalization between PCNA and TR was decreased from about 85% to 40% (Fig. 4C) . Consistent with the FISH data, the enrichment of PCNA at the TR also was decreased in Bub1 knockdown cells (Fig. 4D) .
Bub1 is important for LANA recruitment of PCNA and KSHV genome replication. To determine the role of Bub1 in PCNA-dependent KSHV genome replication mediated by LANA, purified Hirt's DNA was analyzed with Southern blot analysis and real-time PCR (Fig. 5A) . Transient replication assays were performed in 293-, BJAB-, and BC-3-derived cell lines (Fig. 5B and C) . Results of Southern blot assays showed that Bub1 can lead to enhanced replication of TR DNA in the presence of LANA in both 293 and the KSHV-negative BJAB cell line in a dose-dependent manner (Fig. 5B, left and middle) . The role of Bub1 and LANA in KSHV latent replication was further confirmed in BC-3-derived cell lines (Fig. 5B, right) . As expected, depletion of LANA resulted in inhibition of TR plasmid replication (Fig. 5B, left, lane 2) . Furthermore, depletion of Bub1 also showed a dramatic decrease of replicated TR DNA (Fig. 5B, left, lane 3) . Similar results were found by real-time PCR assay (Fig. 5C ). These data strongly suggested that Bub1 can induce KSHV replication in the presence of LANA and that Bub1 alone cannot promote KSHV replication. Recruitment of replication factors in G 1 /S by LANA strongly suggests a role for Bub1 as well as PCNA (Fig. 5D ).
Bub1 is important for LANA recruitment of PCNA to mediate DNA TLS. Another important role of PCNA is mediating DNA translesion synthesis (TLS). Monoubiquitination of PCNA induced by UV is thought to promote direct DNA lesion bypass by recruiting TLS polymerases to the stalled replication forks. The association of LANA with PCNA raised the intriguing possibility that LANA plays an important role in PCNA monoubiquitination. To determine the role of LANA and Bub1 in PCNA monoubiquitination in response to UV, we performed in vitro ubiquitination assays (Fig. 6A ). In agreement with this hypothesis, we found that PCNA can be monoubiquitinated by a LANA immune complex (LANA IC) purified from UV-treated 293 cells transfected with Myc-tagged LANA (Fig. 6A) . As expected, the monoubiquitination of PCNA was shown by either the appearance of an electrophoretically shifted form of PCNA (Fig. 6A, part I) or Ub signal (Fig. 6A, part II) . Interestingly, the ubiquitin-modified PCNA was significantly enhanced on addition of the LANA immune complex in a dose-dependent manner (Fig. 6A, lanes 6, 7,  and 8 ). In addition, PCNA was monoubiquitinated in the presence of LANA IC without UV treatment, albeit at a reduced level (Fig. 6A, lanes 2, 3, and 4) . These results were further verified by ubiquitination assays performed in Saos-2 cells (Fig. 6B) . To further corroborate the above-described data that LANA can enhance the monoubiquitination of PCNA, in vivo ubiquitination assays were carried out again in Saos-2 cells transfected with an increasing amount of LANA (Fig. 6C) . Together with the in vitro ubiquitination assay shown in Fig. 6A , the results showed that LANA can induce the monoubiquitination of the PCNA response to UV (Fig. 6A, lanes 6 , 7, and 8, and C, lanes 8, 9, and 10). Interestingly, Bub1 alone had no appreciable effect on the monoubiquitination of PCNA in response to UV (Fig. 6C, compare lanes  1 and 5 to lanes 7 and 11) . However, it can enhance the monoubiquitination of PCNA in response to UV in the presence of LANA (Fig. 6C, compare lanes 10 and 12) . The role of LANA and Bub1 in PCNA monoubiquitination in response to UV was further supported in BC-3-derived cells (Fig. 6D) . The monoubiquitination signal of PCNA was detected with anti-PCNA antibody and quantitated using Odyssey software. We found that in LANA knockdown BC-3 cells, PCNA was not efficiently monoubiquitinated, with a reduction of about 40% of the signal compared to that of its control (Fig. 6D, compare lanes 2 and 6) . In Bub1 knockdown BC-3 cells, the PCNA monoubiquitination in response to UV also was reduced, although only to about 20% compared to that of the control (Fig. 6D, compare lanes 2 and 4) . Furthermore, this suppression was not as dramatic in LANA knockdown BC-3 cells (Fig.  6D, compare lanes 4 and 6) .
To investigate the cellular function of LANA and Bub1, we expressed LANA in Saos-2 cells and exposed them to an increasing dose of UV. The clonogenic survival assays showed that LANA can efficiently protect cells from UV with a doubling of survival in the presence of LANA compared to that with the control (Fig. 6E,  upper) . To further investigate the role of Bub1 and LANA in cell survival, we analyzed the KSHV-positive cell line BC-3 knocked down for their expression. BC-3 shLANA and BC-3 ShBub1 cells showed significant sensitivity to UV treatment compared to that of control BC-3 Shct cells (Fig. 6E, middle) . Furthermore, the Bub1 stable expression cell line BC3 Bub1 showed less sensitivity to UV treatment than control BC3 green fluorescent protein (GFP) (Fig. 6E, bottom) . Therefore, our data suggested that LANA is able to recruit PCNA to promote monoubiquitination in response to UV-induced damage for translesion DNA synthesis. This results in increased survival of KSHV-infected cells. Importantly, Bub1 can enhance this process but cannot promote monoubiquitination of PCNA independent of LANA.
DISCUSSION
In KSHV latently infected cells, the viral episomal DNA replicates once during each cell cycle. Although KSHV does not express proteins that are required for DNA replication during latency, KSHV-encoded LANA recruits host cell DNA replication machinery to the replication origin. However, the mechanism by which LANA recruits the host protein and mediates replication is uncertain. In this study, similar to what had been reported (41), we provided several lines of evidence to show that Bub1 is important for LANA to recruit PCNA to the TR of KSHV to mediate KSHV latent replication as well as monoubiquitination of PCNA in response to UV damage.
It is well known that LANA physically binds to the LANA binding sites (LBS) of the KSHV TR region and supports KSHV episome replication (42, 43) . The components of the prereplication complex (pre-RC), such as ORCs, Cdc6, Cdt, and MCMs, are recruited to the TR region in a LANA-dependent manner (24, 26, (44) (45) (46) . Here, we showed that LANA also can recruit PCNA, another protein that is required for DNA replication, to the TR through Bub1. The recruitment of PCNA through Bub1 was shown by co-IP and IFA. We showed that LANA can recruit PCNA to the TR of KSHV during S phase, during which the KSHV episome is duplicated. Our data are consistent with a model in which Bub1 serves as a scaffold or molecular bridge between LANA and PCNA which promotes the loading of PCNA to the KSHV genome during S phase (Fig. 5D) .
A large number of viruses, including KSHV, could induce chromosomal lesions in infected cells (47) . These DNA lesions can block genome replication and transcription and, if not repaired, yield mutations or larger-scale genome aberrations that threaten the survival of the individual cells and the organism as a whole (48, 49) . To counteract the deleterious effects of damaged DNA, PCNA is recruited to stalled replication forks to perform TLS (50) (51) (52) . A key event in regulation of TLS is the monoubiquitination of PCNA (34, 37, 53, 54) . PCNA is monoubiquitinated in response to DNA damage induced by UV or other chemical reagents, such as mitomycin C (MMC), hydroxyurea (HU), methyl methanesulfonate (MMS), and aphidicolin (55) (56) (57) . We found that monoubiquitination of PCNA in response to UV treatment is enhanced in the presence of LANA. Furthermore, we found that Bub1 can enhance the UV-induced monoubiquitination of PCNA in the presence of LANA in a dose-dependent manner. showed no enhancement of PCNA monoubiquitination induced by UV. However, in the absence of Bub1, although PCNA is still responsive to UV damage, it fails to efficiently interact with LANA in KSHV-positive cells. This led to defects in PCNA monoubiquitination and subsequent KSHV-positive cell survival. We present a model which shows that Bub1 functions as a scaffold to recruit LANA and other proteins to the site of damage. PCNA is monoubiquitinated by this complex, which is required for replication of damaged DNA without repair (Fig. 6F) .
Monoubiquitination of PCNA results in efficient TLS, an error-prone replication of DNA. It is a DNA damage tolerance process that allows the DNA replication machinery to bypass DNA lesions (31, (58) (59) (60) (61) . Although TLS is important for cell survival, it also results in increased mutation frequencies (62, 63) . To ensure the high fidelity of DNA replication, a deubiquitinating (DUB) enzyme is recruited to deubiquitinate the monoubiquitinated PCNA (64) . The EBV DUB enzyme encoded by BPLF1 targets monoubiquitinated PCNA and can disrupt TLS (65) . Although the DUB homologue ORF64 encoded by KSHV had not been reported previously to target PCNA, it recently had been shown to decrease retinoic acid-inducible gene I (RIG-I) product ubiquitination and is substantially enhanced early during KSHV infection (66) . Bioinformatic analysis showed that ORF64 contains a potential PIP box, which indicates that ORF64 also has the ability to bind PCNA and deubiquitinate the ubiquitinated PCNA to inhibit TLS.
The relationship between the DNA replication and spindle checkpoints of the cell cycle is unclear and not well understood. In eukaryotes, spindle formation occurs only after DNA replication is complete. A few reports showed that DNA replication control is mediated by the spindle checkpoint protein Mad2 during the S phase (67) (68) (69) . In agreement with these findings, we showed that another important spindle checkpoint protein, Bub1, also was involved in KSHV genome replication as well as response to replication stress caused by UV in KSHV-positive cell lines. These findings will increase our understanding of the cross talk between DNA replication and mitotic spindle checkpoint.
This work defines LANA's interaction with PCNA as a critical component of KSHV DNA latent replication and DNA translesion syntheses in response to UV. Furthermore, we investigated the role of Bub1 in LANA-mediated latent replication of KSHV DNA. We also showed that Bub1 can substantially enhance LANA-mediated PCNA recruitment to the KSHV genome as well as PCNA monoubiquitination in response to UV. This work implicates Bub1 as an attractive target for disruption and therapy. Bub1's enhancement of PCNA loading to KSHV is critical for efficient viral replication and PCNA monoubiquitination. Therefore, strategies that inhibit the function of Bub1 may effectively disrupt the formation of the LANA-PCNA complex, which may be effective for viral genome eradication.
